Summary: The aim of this study is to investigate the influence of hemolysis degrees on the values of hematological and
INTRODUCTION
The evaluation of metabolic and hematologic status of cows in early lactation is an important part of herd health control. In addition, the estimates of animal welfare on farms can be performed (Đoković et al., 2014; Belić et al., 2015; Cincović et al, 2015; Kovačević et al., 2015) . Most parameters are determined by standard laboratory methods and their values can be modified by the influence of numerous pre-analytical factors even in well-controlled environments . There are numerous factors that can influence the values of hematological and biochemical parameters in blood samples. They can be divided into: pre-analytical, analytical, and post-analytical. In some instances, the standards from human medicine can be utilized in veterinary medicine in order to reduce potential errors (such as the International Council for Standardization in Hematology (ICSH, 1993) or the Clinical Laboratory Standard Institute (CLSI, 2007) ). In farming animals such as cattle, pre-analytical errors can be caused by the inadequate preparation of animals, inadequate sampling, and inadequate sample handling. Humann-Ziegank and Ganter (2012) described important pre-analytical factors and corrective measures that should be taken in order to reduce pre-analytical errors. In our previous study, a significant influence of different vacutainers and errors pertaining to their use was found on the values of blood parameters .
The most common consequence of numerous errors and inflowing procedures in the pre-analytical phase is hemolysis. During hemolysis, hemoglobin is released, which can interfere with other biochemical parameters and cause systemic errors during measurements. Consequently, deviations in the measured parameter values can occur in The aim of this study is to determine how different degrees of hemolysis affect the values of hematological and biochemical parameters in early lactation cows.
MATERIAL AND METHODS
The experiment included 45 blood samples taken from cows in early lactation. Out of the total number of samples analyzed, 15 indicated no signs of hemolysis, whereas 15 indicated moderate hemolysis (orange to red colored serum) and 15 severe hemolysis (red colored serum).
The values of hematological parameters (HCT-hematocrit, RBC-red blood cells, HGB-hemoglobin, MCV-mean cellular volume, LEU-leukocytes, MCH-mean cellular hemoglobin, MCHC-mean cellular hemoglobin concentration, PLT-platelets) were determined by standard hematological procedures and by a Hemavet counter.
The following values of biochemical parameters were determined: glucose, NEFA, BHB, TGC, cholesterol, albumin, total protein, AST. Standard biochemical reagents were used (Randox, UK; Pointe Scientific, USA), and photometer Rayto.
The statistical value of bias was determined respective to the relative changes in hematological and biochemical parameter values of the hemolyzed samples compared to the control group samples which indicated no hemolysis. The following formula was used: [(Ch -Cc)/ Cc)] x 100; Cc: the concentration of non-hemolyzed control sample, Ch: the concentration of hemolyzed sample. The Wilcoxon signed-rank test analysis was used for the difference analysis between groups. The Microsoft Excel software (USA) was used for the statistical analysis.
RESULTS AND DISCUSSION
The results show that the hemolyzed samples had decreased hematocrit values (HCT), the number of RBC, and the mean cell volume (MCV), whereas the MCH, MCHC, and platelet count were increased. The total number of leukocytes showed a declining trend according to the degree of hemolysis. It is noteworthy that the hematological equipment did not indicate changes in hemoglobin concentrations despite the visual identification.
Hemolysis exerted significant effects on the biochemical parameter values. However, the variations in the biochemical parameters were less significant in the samples with moderate hemolysis compared to the samples with severe hemolysis, which indicated greater variations. The AST, TBIL, NEFA, and TGC were the most sensitive to hemolysis because they indicated a significant decrease even in the samples with moderate hemolysis. A slight decrease was found in the values of BHB and total proteins. Moreover, it was recorded that the glucose concentrations showed a decrease compared to the control group, but no value change in comparison with the samples with severe hemolysis.
The Wilcoxon signed-rank test showed a statistically significant decrease in the evaluated parameter values of the samples with moderate and severe hemolysis compared to the control group without hemolysis. The results are consistent with earlier results obtained in other animal species and humans (Lippi et al., 2008; Koseoglu et al., 2011; Anđelić et al., 2013; Braun et al., 2015) . The changes in the HCT, PCV, and RBC numbers occur because the lysed RBC are not included in the count or measurement of the PCV (the HCT is dependent on the RBC count). Hemolysis results in a higher free hemoglobin result (which gives color to the blood serum) relative to the HCT and RBC count, and the indices related to these measurements, the mean cell hemoglobin (MCH) and mean cell hemoglobin concentration (MCHC), will be falsely high and may be cancelled. The mean cell volume (MCV) is directly measured by automated analyzers and is unaffected by hemolysis (unless it is a calculated value from the PCV). In hemolysis, collapsed RBCs may be counted by the analyzer erroneously as platelets, falsely increasing the platelet count. Ultimately, because automated analyzers deliberately lyse RBC to measure hemoglobin, the hemoglobin measurement is the same with or without hemolysis. Our previous results (Belić et al., 2015a) showed that the most common error in the vacutainers sent for biochemical analyses was the hemolysis of blood samples. The coagulation of samples was the most common error in the samples sent for hematological analysis. A high percentage of errors were a consequence of insufficiently filled vacutainers. Vacutainer issues are major issues in hematological analyses (Belić et al., 2015a) . The sample hemolysis is a significant problem in the colorimetrical evaluation of biochemical blood parameters owing to interference. Interference can be a consequence of the dilution effect of the released content from erythrocytes, as well as a consequence of the chemical interference of the released hemoglobin with biochemical parameters and reagents. In addition, interference occurs during measurements as hemoglobin can absorb waves that are passing through the samples (Guder, 1986; Sonntag 1986; Jay and Proveasek, 1993; Kroll and Elin, 1994; Steen et al, 1996) . Moreover, erythrocytes contain many other components that can be released and take part in interference (Guder, 1986) .
Although hemolysis is one of the main factors which can affect the values of biochemical blood parameters, there are results indicating that the degrees of hemolysis (evaluated on the concentrations of free hemoglobin) do not correlate with the degree of deviation in the values of some parameters. Therefore, the changes in the concentrations of enzymes and potassium are interpreted by the dilution effect and leaking content form erythrocytes (Lippi et al., 2006) . These results are consistent with ours as a significant correlation between the hemoglobin concentration and numerous biochemical parameters was not recorded.
CONCLUSION
Based on the results obtained, it can be concluded that hemolysis exerts significant effects on the values of hematological and biochemical blood parameters in cows. In further research, it is necessary to determine the clinical importance of obtained variations.
